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RESUMO 
 
O Oceano Atlântico Sul foi formado ao longo do período Cretáceo e parte de sua 
história é preservada na sub-bacia sedimentar de Sergipe. Uma de suas formações 
geológicas mais recentes é a Formação Calumbi (Campaniano ao Recente). O Calumbi-
1 (CAL01) é um dos afloramentos dessa unidade, localizado a 1 km ao sul do 
entroncamento entre a estrada Calumbi e da Ferrovia Centro Atlântica, em Nossa 
Senhora do Socorro, Sergipe. O CAL01 possui uma diversidade de registros fósseis, 
incluindo dentes de tubarões. Através dos dentes fossilizados é possível identificar e 
classificar tais organismos estudando a sua morfologia, e também inferir sobre a 
preferência alimentar desses seres. Através da morfologia, também é possível 
reconhecer dentes patológicos. Portanto, o objetivo desta pesquisa foi comparar e 
descrever dentes fósseis de tubarões com indicações de anomalias dentárias. Os 
objetivos específicos foram apresentar as possíveis causas associadas à anomalia e a 
frequência de deformidades dentárias por gênero e/ou espécie identificada. O material 
aqui descrito está alojado no Laboratório de Paleontologia da Universidade Federal de 
Sergipe (LPUFS), sendo proveniente de coletas realizadas durante anos de estudos no 
CAL01. Foram analisados 2.116 dentes fósseis, sendo que 0,75% apresentaram 
deformidades dentárias. Observou-se que 16 dentes de Squalicorax pristodontus, 
Squalicorax kaupi, Cretolamna appendiculata e Serratolamna serrata (combinadas) 
tinham alguma anomalia como ausência do sulco nutritivo, cúspides laterais não 
desenvolvidas, inversão de polaridade, cúspide arredondada, cúspide curvada, ausência 
de cúspide, coroa reduzida, dentículos extranumerários, concavidade basal profunda e 
formato assimétrico. As causas mais prováveis reconhecidas para tais anomalias foram 
doenças, tipo de dieta, mutações genéticas ou deficiências nutricionais, sendo as mais 
recorrentes, para os dentes analisados, relacionadas à dieta durofágica, provocando 
ferimentos nos tecidos formadores dos dentes. 
 
Palavras-chave: Morfologia; Anomalia; Registro fóssil; Deformação. 
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ABSTRACT 
 
The South Atlantic Ocean was formed during the Cretaceous period and part of its 
history is preserved in the Sergipe sub-basin. One of its most recent geological 
formations is the Calumbi Formation (Recent Campanian). The Calumbi-1 (CAL01) is 
one of the outcrops of this unit, located 1 km south of the junction between the Calumbi 
road and the Ferrovia Centro Atlântica, in Nossa Senhora do Socorro, Sergipe. CAL01 
has a diversity of fossil records, including shark teeth. Through the fossilized teeth it is 
possible to identify and classify these organisms by studying their morphology, and also 
to infer about the food preference of these beings. Through morphology, it is also 
possible to recognize pathological teeth. Therefore, the objective of this research was to 
compare and describe fossil teeth of sharks with indications of dental anomalies. The 
specific objectives were to present the possible causes associated to the anomaly and 
frequency of dental deformities by gender and / or identified species. The material 
described here is housed in the Laboratory of Paleontology of the Federal University of 
Sergipe (LPUFS), and comes from collections made during years of studies in the 
CAL01. 2,116 fossil teeth were analyzed, and 0.75% presented dental deformities. It 
was observed that 16 teeth of Squalicorax pristodontus, Squalicorax kaupi, Cretolamna 
appendiculata and Serratolamna serrata (combined) had some anomaly such as 
absence of nutritive sulcus, undeveloped lateral cusps, reversal of polarity, rounded 
cusp, curved cusp, absence of cusp, crown reduced, supernumerary denticles, deep basal 
concavity and asymmetrical shape. The most probable causes for such anomalies were 
diseases, type of diets, genetic mutations or nutritional deficiencies, being the most 
frequent for the analyzed teeth, related to the durofagy diet, causing injuries in the 
tissues forming the teeth. 
Keywords: Morphology; Anomaly; Fossil record; Deformation. 
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INTRODUÇÃO 
 
O período Cretáceo foi marcado por diversas modificações no planeta, como o 
surgimento das primeiras flores, a extinção dos dinossauros não avianos, o 
aparecimento dos primeiros mamíferos placentários e marsupiais, a diversificação das 
aves, a irradiação de inúmeros grupos de tubarões, a fragmentação de Gondwana, com 
subsequente formação de diversas bacias sedimentares (Aquino & Lana, 1990; Zalán, 
2004; Favretto, 2010; Gonzalez, 2005).  
A Bacia Sergipe-Alagoas representa uma entre as diversas bacias sedimentares 
marginais brasileiras desenvolvidas pela separação de Gondwana, ao longo do 
Mesozoico, especialmente ativa no período Cretáceo (Aquino & Lana, 1990; Souza-
Lima, 2001). Uma das formações geológicas mais recentes da Bacia Sergipe-Alagoas é 
a Formação Calumbi (Campaniano ao Recente), cuja porção emersa se encontra 
próxima à costa sergipana, em uma faixa estreita de cerca de 17 km, nos arredores da 
Grande Aracaju. Suas rochas expostas datam do Neocretáceo (Campaniano ao 
Maastrichtiano – 84 a 66 milhões de anos). A Formação Calumbi possui alguns 
afloramentos, dentre eles o afloramento Calumbi-1 é, até o momento, o mais fossilífero 
desta formação. 
O afloramento Calumbi-1 possui uma diversidade de registros fósseis de 
moluscos (bivalves, gastrópodes, amonoides), fragmentos de crustáceos, espinhos, 
dentes e ossos cranianos de peixes ósseos, além de dentes e vértebras de 
elasmobrânquios (Hexanchus cf. H. microdon, Odontaspis, Cretolamna appendiculata, 
Serratolamna serrata, Odontaspis cf. O. hardingi, Carcharias, Squalicorax kaupi, 
Squalicorax pristodontus, Sclerorhynchidae aff. Ischyrhiza, Rhinobatos sp) (Souza-
Lima, 2001; Fernandes, 2016). A abundância de registros fósseis e a diversidade 
encontrada no Afloramento Calumbi-1, pode estar relacionado aos traços 
paleoambientais do Período Cretáceo como mares profundos, variações na salinidade e 
temperatura (Souza-Lima, 2001; Fernandes, 2016; Welton & Farish, 1993).  A 
abundância relativamente alta de dentes de tubarões neste afloramento pode ser 
explicada pela composição química dos mesmos, ricos em fluorapatita e hidroxiapatita, 
como também pela própria biologia destes animais, que apresentam fileiras de dentes 
com substituição ilimitada dos mesmos. Um tubarão pode produzir durante a vida 
centenas e até milhares de dentes (Becker et al., 2000; Vuuren et al., 2015). 
No que diz respeito à dentição dos tubarões, anatomicamente se considera que a 
atividade alimentar em elasmobrânquios atende a mecanismos altamente especializados 
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combinados a um sistema sensorial potencialmente desenvolvido e único, a exemplo do 
aparato buco-mandibular modificado para aumentar a plasticidade e eficiência da 
mordida. Da mesma maneira, apresentam dentições especializadas em funções de 
variados modos de alimentação (Mota & Wilga, 1995; Mota & Wilga, 2001; Wilga et 
al., 2007). Segundo Silva et al. (2007) é possível identificar e classificar vertebrados 
através do estudo da morfologia dos dentes fossilizados, inclusive inferir sobre a 
preferência alimentar desses seres. O exemplo de tubarões com dentes pequenos com 
cúspides laterais curtas costumam ser eficientes para agarrar e esmagar, ou seja, cortam 
e quebram os ossos suas presas. Enquanto tubarões com dentes serrilhados com 
extremidades cortantes ou com raiz achatada são adaptados a agarrar e cortar pedações 
de carne de suas presas. Já dentes pontiagudos, com bordas em forma de lâmina, lisos e 
curvados costumam a cortar e perfurar as presas (Becker et al., 2000; Silva et al., 2007).  
Dentes de tubarões atuais ou extintos, com formatos irregulares ou fora dos 
padrões normais observados na faixa de variação morfológica da espécie são 
considerados patológicos (Gudger, 1937; Becker et al., 2000). Gudger (1937) descreveu 
e classificou dentes patológicos de tubarões atuais, que apresentam curvaturas e 
rugosidades anormais, cúspides extranumerárias ou perfurações e dobras não usuais. As 
descrições de Gudger (1937) embasaram trabalhos subsequentes sobre patologias 
dentárias em dentes de tubarões fósseis (i.e., Johnson, 1987; Gottfried, 1993; Shimada, 
1997; Becker et al., 2000).  
Dentes de tubarões de espécies atuais podem apresentar alguma anomalia devido 
ao tipo de alimentação, lesão no tecido dentário, mutação genética, doenças, 
deficiências nutricionais ou danos causados pela alimentação (Balbino and Antunes, 
2007; Becker et al., 2000; Shimada, 1997). Fatores tafonômicos, que atuam post 
mortem, tal como litificação, retrabalhamento dos dentes soltos por ondas, fratura ou 
quebra dos dentes também podem alterar os aspectos naturais de um dente (Whitenack 
& Motta, 2010; Araújo-Júnior et al., 2013; Behrensmeyer, 1991), porém tais feições não 
serão avaliadas no presente estudo.  
Fernandes (2016) apresenta de maneira preliminar alguns dentes de tubarões 
fósseis anormais coletados no Afloramento Calumbi 1. Nesta pesquisa pretende-se 
classificar e descrever estes e outros dentes patológicos a fim de se entender as causas 
que poderiam ter levado a esse tipo de fossilização. As hipóteses a serem trabalhadas 
são a que as deformidades em dentes de tubarões (1) podem ter ocorrido em vida 
quando ainda fixados à arcada (patologias ou anomalias decorrentes da alimentação), ou 
(2) pela deterioração causada pelo decorrer do tempo após sua queda da arcada, mas 
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antes de seu soterramento (processos bioestratinômicos, como intemperismo, 
abrasão/transporte); ou (3) a processos fóssildiagenéticos, como quebra/deformação dos 
dentes causada pelo peso dos sedimentos que se depositaram sobre eles ao longo do 
tempo (Becker et al., 2000). No presente trabalho, nosso objeto se restringirá apenas 
àqueles dentes caracterizados como pertencentes ao primeiro grupo descrito acima (i.e., 
deformidades estabelecidas na formação dentária, quando o animal ainda se encontrava 
vivo). 
Tendo em vista que as identificações dos fósseis de tubarões são geralmente 
feitas apenas através dos dentes, a busca por um melhor entendimento das patologias 
dentárias de tubarões fósseis se justifica por auxiliar no reconhecimento de feições 
anômalas, não diagnósticas, além de permitir a interpretação das possíveis causas que 
levariam às deformidades dentárias. 
 Considerando-se a abundância e excepcional qualidade de afloramentos da seção 
marinha cretácea da Bacia Sergipe-Alagoas, quando comparada às demais bacias 
sedimentares costeiras do Brasil, nota-se que o conhecimento da paleoictiofauna 
marinha desta bacia é ainda escasso, com especial atenção para os registros da Fm. 
Calumbi. Embora estudada há mais de um século, ainda há muito a ser feito, havendo, 
sem dúvidas, um grande potencial de descobertas que proporcionarão elucidar ainda 
mais a história geológica e paleobiogeográfica do Oceano Atlântico Sul (Souza-Lima et 
al., 2002b).  
 
OBJETIVOS 
 
Diante deste cenário o objetivo desta pesquisa foi comparar e descrever dentes 
fósseis de tubarões com indicações de anomalias dentárias. Tendo como objetivos 
específicos descrever as causas das anomalias e relatar a frequência de deformidades 
dentárias por gênero e/ou espécies.   
 
BACIA SERGIPE-ALAGOAS 
  
Situada a leste da região nordeste a Bacia Sergipe-Alagoas (Fig. 1) localiza-se na 
margem do nordeste continental brasileiro e abrangendo os estados de Sergipe e 
Alagoas, possui área com cerca de 44.370 km
2
, sendo aproximadamente 31.750 km
2
 em 
mar (Figueiredo, 2014; Feijó, 1994). 
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FIGURA 1. Mapa de localização da Formação Calumbi na Bacia Sergipe-Alagoas, em Nossa 
Senhora do Socorro no estado de Sergipe. 
 
A Bacia Sergipe-Alagoas representa uma entre as diversas bacias sedimentares 
geradas pela separação do continente Gondwana, ao longo do mesozoico, especialmente 
ativa no período Cretáceo (Souza-Lima et al., 2002b). 
O surgimento da Bacia Sergipe-Alagoas está relacionado às modificações na 
paleogeografia que ocorreram durante o Mesozoico, e que está correlacionada à 
separação do supercontinente Gondawna. Uma dessas mudanças foi o desenvolvimento 
do rifteamento que ocasionou a formação do Atlântico Sul (Cruz, 2008). A Bacia 
Sergipe-Alagoas apresenta depósitos sedimentares em todos os estágios evolutivos 
(Sinéclise Paleozoica, Pré-rifte, Rifte, Transicional e Drifte), sendo uma das bacias 
sedimentares mais completas das margens leste e sudeste brasileiro (Souza-Lima, 2001; 
Campos Neto et al., 2007; Cruz, 2008; Feijó, 1994).  
O oceano Atlântico Sul se formou ao longo do período Cretáceo e parte de sua 
história se encontra preservada na sub-bacia sedimentar de Sergipe. A Formação 
Calumbi (Campaniano ao Recente) é uma das formações geológicas mais recentes, cuja 
porção emersa aflora próxima à costa sergipana, em uma faixa estreita de cerca de 17 
km, nos arredores da Grande Aracaju (Bizzi et al., 2003; Figueiredo, 2014; Souza-Lima, 
2001). Suas rochas expostas datam do Neocretáceo (Campaniano a Maastrichtiano – 84 
a 66 Ma). 
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A Fm. Calumbi encontra-se ―depositada discordantemente (discordância pré-
Calumbi) sobre a rampa carbonática Cotinguiba ou sobre as rochas da formação 
Riachuelo‖ (Souza-Lima, 2001, p. 11). Souza-Lima (2001) demonstrou que para Fm. 
Calumbi há registros de dentes e vértebras de elasmobrânquios, além de espinhos, 
dentes e ossos cranianos de peixes ósseos. ―Das formas descritas, várias têm caráter 
cosmopolita, refletindo o completo estabelecimento de circulação oceânica profunda ao 
final do Cretáceo‖ (Souza- Lima et al. 2002a, p. 3). 
 
ÁREA DE ESTUDO 
 
 O afloramento Calumbi-1 (Fig.2) está localizado aproximadamente a 1 km ao 
sul do entroncamento entre a estrada Calumbi e a Ferrovia Centro Atlântica, sobre o rio 
do Sal, no povoado Calumbi, município de Nossa Senhora do Socorro, Sergipe, 
(10º52’52‖S, 37º07’07‖W, DATUM WGS84) (Figueiredo, 2014; Souza-Lima, 2001).  
 
      FIGURA 2. Visão geral do afloramento Calumbi-1. 
 
METODOLOGIA E MÉTODOS 
 
Amostragem e preparação do material coletado 
 
Foram analisados nesta pesquisa dentes fósseis de tubarões isolados tanto 
totalmente preservados, quanto parcialmente preservado ou fragmentados, totalizando 
2.116 dentes oriundos de duas amostragens distintas. O acervo encontra-se tombado no 
Laboratório de Paleontologia da Universidade Federal de Sergipe sob o acrônimo 
LPUFS. 
19 
 
A primeira amostra pertencente ao acervo do LPUFS é proveniente de coletas 
realizadas no afloramento Calumbi-1 durante anos de estudos anteriores, por diferentes 
pesquisadores. Esses dentes já haviam sido preparados e triados. A maior parte desses 
dentes estava identificada nos gêneros Serratolamna, Squalicorax, Cretolamna, 
Odontaspis e Charcarias. Porém para este estudo os dentes que já haviam sido 
identificados foram revisados e reavaliados quanto a sua identificação. 
Na segunda amostra o material foi proveniente de uma coleta realizada em 
27/09/2016 no afloramento Calumbi-1. Foram coletadas amostras de blocos superficiais 
expostos na superfície do afloramento, em diferentes níveis (i.e., superior, médio e 
inferior). As rochas foram conduzidas e acomodadas no laboratório do Núcleo de 
Petróleo e Gás da UFS (NUPEG) para subsequente preparação. 
As técnicas empregadas para a preparação do material tiveram como finalidade 
dissociar o sedimento dos fósseis, sendo para tais submetidos às seguintes etapas (Fig. 
3): imersão em recipientes com água por 2-3 dias para o amolecimento dos blocos e 
subsequente dissociação dos dentes dos sedimentos; peneiramento do material com 
malhas de 10 mm e 5 mm; lavagem e colocação de todo material peneirado em bandejas 
para secagem ao ar livre; triagem, com separação dos dentes de outros fósseis e grãos 
sedimentares; e por fim, visualização e identificação dos dentes (Gresele et al., 1993; 
Goellner & Malabarba, 2010).  
 
 
FIGURA 3. Preparação do material: A. blocos superficiais; B. amolecimento; C. 
peneiramento e lavagem; D. secagem, triagem e separação. 
 
Os critérios adotados para determinação do grau de preservação dos dentes 
fósseis foram classificados conforme sua integridade física. Quando sua preservação 
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representava mais de 90% de integridade de sua estrutura original eram considerados 
totalmente preservados; parcialmente preservados (de 50% a 90%); e fragmentado (< 
50%) (Araújo-Júnior et al., 2013; Behrensmeyer, 1991).  
Após a triagem dos dentes, os mesmo foram identificados em nível de gênero ou 
espécie com base na literatura disponível ( i.e., Balbino & Antunes, 2007; Becker et al., 
2000; Becker & Chamberlain, 2012; Shimada, 1997, Shimada, 2002; Johnson, 1987; 
Gudger, 1937). Assim foi possível associar especificamente ou genericamente as 
possíveis anomalias encontradas. Para auxiliar na identificação da posição dentária de 
cada dente dentro na arcada foi feita, de forma tentativa, a montagem das séries 
dentárias artificiais das espécies/gênero estudados, conforme apresentado por Welton & 
Farrish (1993).  
Para diferenciar as diversas formas e tamanhos de dentes alguns termos 
anatômicos foram utilizados para descrever linhas dentárias como: sinfisial, anterior, 
intermediário, lateral, posterior, superior, proximal, distal, parasinfisial, mesial e medial, 
para descrever linhas dentárias (Welton; Farrish, 1993; Applegate, 1965). 
Para construção das séries dentárias utilizou como base o tamanho, forma e 
posição do dente em relação ao sinfisial.  
 
Identificação e reconhecimento de dentes anômalos 
  
Segundo Silva et al. (2007) é possível identificar e classificar vertebrados através 
do estudo da morfologia dos dentes fossilizados, inclusive inferir sobre a preferência 
alimentar desses seres. Por exemplo, os tubarões com dentes serrilhados são 
considerados grandes predadores nos ecossistemas marinhos. As espécies com este tipo 
de dentição possuem uma força maior na mordida e são adaptados para rasgarem o 
alimento (Becker & Chamberlain, 2012; Lucifora et al., 2001; Mota & Wilga, 1995; 
Mota & Wilga, 2001; Wilga et al., 2007).  
Os tubarões com dentes estreitos, compridos e pontiagudos tem preferência por 
dietas piscívoras. Os dentes dessas espécies são adaptados para agarrar as presas, ou 
seja, perfurar os alimentos (Becker & Chamberlain, 2012; Lucifora et al., 2001; Tricas 
et al., 1997; Mota & Wilga, 1995; Mota & Wilga, 2001; Wilga et al., 2007).  
Através da morfologia, além de identificar a preferência alimentar é possível 
reconhecer dentes patológicos. 
Becker et al. (2000) definem dentes patológicos como sendo aqueles que 
apresentam variações morfológicas em diversos níveis sendo inexplicável através da 
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heterodontia, variações ontogenética ou dimorfismo sexual.  
Dentes de tubarões atuais ou extintos, com formatos irregulares ou fora dos 
padrões normais observados na faixa de variação morfológica da espécie como dentes 
com raiz e cúspides longos ou curtos, cúspides extras numerais, ranhuras no esmalte do 
dente, coroa enrugada, ápice do dente arredondado, ausência de cúspides e sulco 
nutritivo, cúspide com curvatura distinta daquelas dos dentes considerados normais são 
classificados como patológicos (Gudger, 1937; Becker et al., 2000; Purdy, 2006).  
Gudger (1937) descreve e classifica dentes patológicos de tubarões atuais, que 
apresentam curvaturas e rugosidades anormais, cúspides extranumerárias ou perfurações 
e dobras não usuais. As descrições de Gudger (1937) embasaram trabalhos 
subsequentes sobre patologias dentárias em dentes de tubarões fósseis (e.g., Johnson, 
1987; Gottfried, 1993; Shimada, 1997; Becker et al., 2000).  
 
Quantificação a partir dos dentes isolados  
 
Becker et al. (2000) descreveram duas maneiras para calcular a frequência de 
dentes deformados em uma população: o método ―animal inteiro‖ e método ―dentes 
isolados‖. 
O método ―animal inteiro‖ consiste em uma contagem em mandíbulas com a 
dentição completa que exibem dentes anormais e compará-los com mandíbulas que 
apresenta todas as dentições normais. Já o método ―dentes isolados‖ consiste em 
relacionar o número de dentes anormais e compará-los com o número de dentes normais 
da mesma amostra (Becker et al., 2000). Porém, deve-se atentar para que apenas em 
algumas situações específicas os resultados entre os dois métodos são comparáveis 
(Becker et al., 2000). Comparações entre contagens feitas pela mesma metodologia 
estão menos sujeitas a interpretações equivocadas.  
Outro fato é que quando os estudos são baseados em mandíbulas inteiras a 
pesquisa não leva em conta os dentes que os tubarões perdem durante toda vida, 
enquanto dentes fósseis isolados são baseados numa amostragem, em princípio, que 
inclui uma amostra de todos os dentes produzidos pelos tubarões ao longo de sua vida. 
Assim a amostragem de dentes fósseis (dentes isolados) é provavelmente baseada em 
um número menor de dentes de um número maior de espécimes, ao passo que as 
contagens em espécies atuais (animal inteiro) centram em um número maior de dentes 
de um número menor de espécimes (Becker et al., 2000). 
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Considerando as duas abordagens acima, o método ―dentes isolados‖ é o mais 
adequado para ser aplicado no presente estudo para quantificar a frequência de 
deformidades em dentes fósseis de tubarões, pois os dentes estudados nesta pesquisa 
foram coletados dissociados.  
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ABSTRACT- The Sergipe-Alagoas Basin was formed during paleogeographic 
modifications generated by the fragmentation of Gondwana in the Mesozoic era. The 
Calumbi Formation is one the most recent geological formations there, and the 
Calumbi-1 outcrop (CAL01) geological unit contains a high diversity of fossil records, 
including shark teeth. Those fossil teeth allow the identification and classification of 
those chondrichthyes, and studies of their morphology allow inferences concerning their 
feeding preferences. The current study sought to compare and describe fossil shark teeth 
showing dental anomalies, their frequencies according to the genus and/or species, and 
suggest possible causes associated with those anomalies. The materials described here 
were collected over numerous years during studies of CAL01, and are currently 
deposited in the Paleontology Laboratory at the Federal University of Sergipe (LPUFS), 
Brazil. We analyzed 2,116 fossil teeth, of which 0.75% demonstrated dental 
deformities. A total of 16 of those teeth, belonging to the species Squalicorax 
pristodontus, Squalicorax kaupi, Cretalamna appendiculata, and Serratolamna serrata, 
demonstrated some type of anomaly, such as the absence of a nutrition fissure, 
undeveloped lateral cusps, polarity inversion, rounded cusps, curved cusps, absent 
cusps, reduced crowns, extra cusplets, a deep basal concavity, and asymmetrical shapes. 
The most probable and principally recognized cause of those anomalies is associated 
with a durophagous diet causing damage to teeth-forming tissues. 
  
INTRODUCTION 
 
The Sergipe-Alagoas Basin (Fig. 1) represents one of many sedimentary basins formed 
by the fragmentation of Gondwana during the Mesozoic, especially during the 
Cretaceous period (Aquino & Lana, 1990; Souza-Lima, 2001). One of the most recent 
formations in that group is the Calumbi formation (Campanian to recent), whose 
emergent portion is found along the coast of Sergipe State, in a narrow strip 
approximately 17 km wide, near the city of Aracaju. The exposed rocks there date to the 
Neocretaceous period (Campanian to Maastrichtian – 84 to 66 million years bp).  
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FIGURE 1. Map demonstrating the location of the Calumbi Formation in the Sergipe-Alagoas 
Basin, in the municipality of Nossa Senhora do Socorro, Sergipe State, Brazil. 
 
The Calumbi Formation shows a number of outcrops, including the Calumbi-1 
outcrop, which demonstrates a high diversity and density of fossil records, including 
elasmobranch teeth and vertebra (Souza-Lima, 2001; Fernandes, 2016). Morphological 
studies of those teeth can identify and classify those vertebrates, allow inferences 
concerning their feeding preferences, and identify tooth anomalies. Dental anomalies 
are considered rare among sharks (Becker et al., 2000). 
The causes of tooth deformities can be related to shark feeding behaviors, 
lesions to dental tissues, genetic mutations, illnesses, nutritional deficiencies, or damage 
during feeding (Balbino & Antunes, 2007; Becker et al., 2000; Shimada, 1997). 
Posterior taphonomic alterations, such as lithification, the transport of loose teeth by 
ocean currents, and fractures or other mechanical damage, can also alter the natural 
aspects of a tooth (Whitenack & Motta, 2010; Araújo-Júnior et al., 2013; 
Behrensmeyer, 1991).  
The possibilities that must be considered when examining shark teeth 
deformities are that they: (1) may have occurred during the life of the animal, when still 
attached to the dental arch (pathologies or anomalies resulting from feeding); (2) 
represent deterioration over time, after becoming detached from the dental arch, but 
before being buried (biostratinomic processes, such as erosion, abrasion/transport); or 
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(3) represent fossil-diagenetic processes, such as breakage/deformation caused by the 
weight of the sentiments deposited over them over time (Becker et al. 2000). The 
present work was restricted to teeth characterized as representing the first above-
describe group (i.e., deformities established during tooth formation, when the animal 
was still alive). 
In light of the fact that shark fossil identifications are generally based only on 
their teeth, the study of dental pathologies will be useful for recognizing anomalous 
non-diagnostic features, and interpreting possible causes of those dental deformities. 
 In spite of the abundance and exceptional quality of Cretaceous marine outcrops 
in the Sergipe-Alagoas Basin, as compared to other sedimentary basins along the 
Brazilian coast, our knowledge of the marine paleo-ichthyofauna preserved there is still 
quite limited, especially in terms of the Calumbi Formation. Although it has been 
studied for more than a century, the basin still has the potential for important new 
discoveries that would help to further elucidate the geological and paleobiogeographic 
history of the southern Atlantic Ocean (Souza-Lima et al., 2002).  
As such, we sought to compare and describe fossil shark teeth showing dental 
anomalies, with the specific objectives of determining the frequencies of dental 
deformities per genus and/or species and ascribing probable causes to those anomalies.   
Abbreviations—CAL01, Calumbi 1; LPUFS, Paleontology Laboratory of the 
Federal University of Sergipe; NUPEG, Petroleum and Gas Nucleus of the Federal 
University of Sergipe; UFS, Federal University of Sergipe. 
  
MATERIALS AND METHODS 
 
We analyzed 2,116 isolated fossil shark teeth from two distinct collections held 
at UFS in the LPUFS. 
The first collection contained 1,922 teeth derived from the Calumbi-1 outcrop 
(10.88288° S, 37.11738° W) that had been collected by different researchers during 
previous studies and were prepared and later classified as belonging to the genera 
Serratolamna, Squalicorax, Cretalamna, Odontaspis, and Charcarias; we nonetheless 
reviewed and reevaluated them in terms of their identifications.  
The second collection analyzed contained 194 teeth encountered during a field 
excursion undertaken on 27/09/2016 to the Calumbi-1 outcrop. We collected samples 
from superficial layers at different levels (i.e., superior, medium, and inferior). The 
extracted blocks were then transported to the NUPEG for preparation.  
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The techniques used to prepare the material were designed to disassociate the 
fossil sediments, and involved (Fig. 2): softening the blocks by immersing them in 
water for 2-3 days; sifting the material through 10 mm and 5 mm sieves; washing all of 
the materials retained in either sieve; drying the residual cleaned material in the open-
air. The cleaned material was then separated and classified, and the teeth identified 
(Gresele et al., 1993; Goellner; Malabarba, 2010).  
We classified the fossil teeth according to their physical integrities: Totally 
Preserved – when more than 90% of their original structures were intact; Partially 
Preserved (between 50% and 90%); and Fragmented (< 50%) (Araújo-Júnior et al., 
2013; Behrensmeyer, 1991). 
 
 
FIGURE 2. Preparation of the material: A, extracted surface blocks; B, softening; 
C, sieving and washing; D, drying, classification, and separation. 
 
After classifying the teeth, they were identified to the genus or species level 
based on the published literature (i.e., Balbino & Antunes, 2007; Becker et al., 2000; 
Becker & Chamberlain, 2012; Shimada, 1997; Shimada, 2002; Johnson, 1987; Gudger, 
1937), which allowed any anomalies encountered to be associated with specific taxa. To 
aid in determining the position of each tooth within the dental arch, we mounted 
artificial tooth sets of the species/genera studied, following Welton & Farrish (1993). 
 
RESULTS  
 
The first collection was composed of 1,922 fossil shark teeth and the second 
(after classification) comprised 194 teeth, including totally preserved, partially 
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preserved, and fragmented teeth (total 2,116). Evaluations of the physical integrity of 
the teeth to determine their degrees of preservation (following Araújo-Júnior et al., 
2013; and Behrensmeyer, 1991) classified 190 teeth as totally preserved, 346 as 
partially preserved, and 1,580 as fragmented (Table 1). 
 
TABLE 1. Degrees of physical integrity of the fossil shark teeth by taxonomic group. 
Species 
Totally preserved 
Teeth (>90%) 
Partially preserved 
Teeth (50% a 90%) 
Fragmented 
Teeth (< 50%) 
Archaeolamna kopingensis 1 -- -- 
Carcharias sp. 24 44 -- 
Cretalamna appendiculata 5 19 -- 
Cretoxyrhina sp. 1 9 -- 
Echinorhinus sp -- 2 -- 
Odontaspis sp. 54 59 -- 
Pseudocorax sp. 4 4 -- 
Mitsukurina sp. 1 -- -- 
Serratolamna serrata 62 86 -- 
Squalicorax kaupi 13 1 -- 
Squalicorax pristodontus 9 3 -- 
Squalicorax sp. -- 22 -- 
Undetermined 16 97 1,580 
Total 190 346 1,580 
 
The genera identified from the complete or partial teeth included: 
†Archaeolamna Siverson, 1992, †Serratolamna Landemaine, 1991, †Cretalamna 
Glickman, 1958, Carcharias (Rafinisque, 1810), †Cretoxyrhina (Glickman, 1958), 
Echinorhinus (Gill 1864), Odontaspis Agassiz, 1838, †Pseudocorax Priem, 1897, 
†Mitsukurina (Jordan, 1898) and †Squalicorax Whitley, 1939 – totaling 423 teeth 
identified to the generic level. Only four of the above mentioned genera could be 
identified to the species level: Archaeolamna kopingensis (Davis, 1890); Serratolamna 
serrata (Agassiz, 1843); Cretalamna appendiculata (Agassiz, 1843); and Squalicorax 
kaupi (Agassiz, 1843) and Squalicorax pristodontus (Agassiz, 1843). 
Of the total of 2,116 teeth analyzed, 113 (classified in Table 1 as undetermined  
[among the totally or partially preserved specimens that]) could not be identified due to 
the lack of reference materials for comparisons. A total of 1,580 other teeth were 
fragmented and could not be identified due to their low level of integrity.  
After analyzing and classifying the teeth according to their degrees of 
preservation it was possible to identify them and describe any anomalies. The teeth of 
four species belonging to three distinct genera (Cretalamna appendiculata, Serratolamna 
serrata, Squalicorax kaupi, and Squalicorax pristodontus) demonstrated some type of 
anomaly (Table 2). After identifying the teeth that demonstrated those anomalies, it was 
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possible to calculate the frequency of deformities within the total sample and by 
species. 
 
TABLE 2. Anomalies identified by species. 
Species Anomalies 
Cretalamna appendiculata 
Undeveloped lateral cusps  
Absence of a nutrition fissure  
Serratolamna serrate 
Lateral cusp absent 
Fissures indicate cusp divisions 
Cusps not defined  
Cusps reduced  
Polarity inversion 
Medial cusp rounded 
Curved cusp on lingual side 
Squalicorax kaupi 
Asymmetrical shape 
Deep basal concavity 
Squalicorax pristodontus 
Extra cusplet on proximal portion 
Cusp reduced 
 
Of the 2,116 fossil shark teeth examined, 16 (0.75%) demonstrated some type of 
anomaly. Table 3 indicates which species demonstrated some type of dental anomaly, 
the numbers of such teeth from each species, and their anomaly frequency.  
 
TABLE 3. Total number of teeth analyzed, and their anomaly frequency.  
Species 
Numbers of 
teeth in the 
collection 
Numbers of 
teeth showing 
anomalies 
Anomaly 
frequency in % 
for each species 
Archaeolamna kopingensis 1 -- -- 
Carcharias sp. 68 -- -- 
Cretalamna appendiculata 24 2 8.33 
Cretoxyrhina sp. 10 -- -- 
Echinorhinus sp. 2 -- -- 
Odontaspis sp. 113 -- -- 
Pseudocorax sp. 8 -- -- 
Mitsukurina sp. 1 -- -- 
Serratolamna serrate 148 11 7.43 
Squalicorax kaupi 14 1 7.14 
Squalicorax pristodontus 12 2 16.66 
Squalicorax sp. 22 -- -- 
Indeterminate 1,693 -- -- 
Total 2,116 16 0.75 
 
The percentage of anomalies per species was higher than 1% in the present 
study, which was greater than that reported by Becker et al. (2000) for pathological 
deformities in living and fossil chondrichthyan teeth. 
Serratolamna serrata demonstrated a considerably greater absolute number of 
anomalous teeth (and the greatest number of teeth in the sample) than the other species. 
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Dental Deformities and their Descriptions  
  
A total of six shark genera (Echinorhinus sp., Mitsukurina sp., Hexanchus sp., 
Cretoxyrhina sp., Odontaspis sp., and Carcharias sp.) and five species (Squalicorax 
pristodontus, Squalicorax kaupi, Serratolamna serrata, Cretalamna appendiculata, and 
Archaeolamna kopingensis) were identified and examined. 
Some of the teeth analyzed here demonstrated morphological variations that 
diverged from the standard morphologies described for their respective species (Case et 
al., 2017; Underwood & Mitchell, 2000; Souza-Lima, 2001; Gudger, 1937; Becker et 
al., 2000). Welton & Farish (1993) reported that most tooth pathologies are not 
immediately recognized, but at least one species could be identified based on the type of 
tooth anomaly. 
 
SYSTEMATIC PALEONTOLOGY 
 
Family ANACORACIDAE Casier, 1947 
Genus Squalicorax Whitley 1939 
Squalicorax kaupi (Agassiz, 1843) 
 
FIGURE 3. Tooth of Squalicorax kaupi 
demonstrating anomalies; lingual view. 
LPUFS 5780. Asymmetrical shape of the 
proximal portion and a deep basal concavity. 
Scale bar equals 2 mm. 
 
Material analyzed—LPUFS 5780. 
General description of non-anomalous teeth—Squalicorax kaupi teeth are composed 
of a distally inclined median cusp, crown crescent shaped and tall, lingual face 
protuberant, labial face planar, root crescent-shaped, with the presence of nutrient 
foramen. Proximal and distal portions uniformly covered by a single row of serrations. 
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The distal cutting edge moderately vertical and straight, the edges of the cusp show 
serrations that decrease in size towards the apex and the base of the crown. Root 
considerably tall and protuberant on the lingual face, absence of a nutrition fissure, root 
with various foramen on the labial and lingual faces. Basal concavity superficial (Case 
et al., 2017; Schwimmer, 1997; Shimada & Cicimurri, 2005; Souza-Lima, 2001; Welton 
& Farish, 1993).  
Anomalies—Asymmetrical shape of the proximal portion and a deep basal concavity 
(Fig. 3). 
Squalicorax pristodontus (Agassiz, 1843) 
 
FIGURE 4. Squalicorax pristodontus tooth showing abnormalities; lingual view. A, 
LPUFS 5765. Extra cusptlet; B, LPUFS 5763. Crown apex near the root. Scale bar 
equals 2 mm. 
 
Material analyzed—LPUFS 5765 and LPUFS 5763. 
General description of non-anomalous teeth— The teeth are composed of a single 
distally inclined cusp covered by serrations, lingual face convex and labial face planar. 
Distal and proximal portions form a line in the shape of an almost continuous cutting 
edge. Cusp apex rounded. Root tall in lingual view, being two thirds taller than the tooth 
crown in some teeth. Peak of the median cutting edge slightly obtuse. The edge of the 
distal portion of the main cusp quite straight and perpendicular. Root bilobate and tall, 
slightly protuberant, with numerous nutrition foramen of various sizes on both faces. 
The labial face of the crown with multiple shallow nutrition fissures medially, above the 
crown foot. Basal concavity slightly rounded (Becker and Chamberlain, 2012; Case et 
al., 2017; Schwimmer, 1997; Shimada & Cicimurri, 2005; Shimada & Cicimurri, 2006; 
Souza-Lima, 2001; Welton & Farish, 1993). 
Anomalies: —Tooth LPUFS 5765 (Fig. 4A) demonstrates a peculiarity, with the 
presence of an extra cusptlet on the portion proximal to the root. Specimen LPUFS 5763 
(Fig. 4B) differs from the normal teeth of this species by having a short crown apex, and 
a smaller cusp that is proportional to the serration. 
A B 
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Family SERRATOLAMNIDAE Landemaine, 1991  
Genus Serratolamna Landemaine, 1991  
Serratolamna serrata (Agassiz, 1843) 
 
FIGURE 5. Serratolamna serrata teeth showing anomalies; lingual view. A, LPUFS 5781, 
absence of lateral cusps; B, LPUFS 5784, absence of lateral cusps; C, LPUFS 5785, absence 
of lateral cusps; D, LPUFS 5782, absence of lateral cusps; E, LPUFS 5788; F, LPUFS 5786 
G, LPUFS 5764, polarity inversion; H, LPUFS 5783, absence of lateral cusps; I, LPUFS 
5787, absence of lateral cusps; J, LPUFS 5789, absence of lateral cusps. L, LPUFS 5773, 
absence of lateral cusps. Lateral view; L1, LPUFS 5773, curved cusp. Scale bar equals 2 
mm. 
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Material analyzed—LPUFS 5764; LPUFS 5773; LPUFS 5781; LPUFS 5782; LPUFS 
5783; LPUFS 5784; LPUFS 5785; LPUFS 5786; LPUFS 5787; LPUFS 5788; LPUFS 
5789. 
General description of non-anomalous teeth—Crown composed of a median cusp 
inclined towards the proximal portion, demonstrating two to three erect lateral cusps on 
the proximal and distal portions. Lingual face protuberant and labial face planar. Crown 
base ample, median cusp long and triangular. Lateral cusps nearest the median cusp 
significantly larger than the other lateral cusps. Root separated into two lobes by an 
asymmetrical semicircular chamfer. Apex of the median cusp sharp. Lingual face of the 
root cut by a nutrition fissure, with a central foramen that extends throughout the root as 
a shallow basal V-shaped concavity (Case et al., 2017; Souza-Lima, 2001; Underwood 
& Mitchell, 2000, Welton & Farish, 1993; Shimada & Brereton, 2007). 
Anomalies—The teeth show abnormalities such as the absence of other cusps in the 
proximal region, grooves in the proximal portion that indicate unformed cusp divisions, 
undefined cusps in the distal portion and/or small cusps (Fig. 5A, B, C, D, E, F, H, I, J 
and L). Polarity inversion in the first distal cusp (Fig. 5G). Median cusp rounded on the 
lingual face (Fig. 5C, F, I, J and L). Cusp curved on lingual portion (Fig. 5C, F, I, J and 
L). 
 
Family CRETOXYRHINIDAE Glickman, 1958 
Genus Cretolamna Gluckman, 1958 
Cretolamna appendiculata (Agassiz, 1843) † 
 
FIGURE 6. Cretalamna appendiculata teeth showing anomalies; lingual view. 
A, LPUFS 5780, undeveloped lateral cusps; B, LPUFS 5791, absence of a 
nutrition fissure. Scale bar equals 2 mm. 
Material analyzed—LPUFS 5780; LPUFS 5791. 
General description of non-anomalous teeth—Teeth composed of a robust and 
triangular median cusp and a pair of lateral cusps. Cusps wide, tall, and erect. Labial 
face planar and lingual face slightly convex. Distal, proximal, and median cusps with 
A B 
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sharp edges, median cusp inclined towards the distal portion. Median crown larger than 
the width of the tooth. Root region well-defined, separated by two U-shaped root lobes 
on the upper teeth, V-shaped on lower teeth. With nutrition fissure and foramen in 
central lingual view, large basal root concavity (Shimada, 2007; Souza-Lima, 2001; 
Welton & Farish, 1993, Siverson, 1992). 
Anomalies—Undeveloped lateral cusps (Fig. 6A). Absence of a nutrition fissure (Fig. 
6B). 
 
DISCUSSION 
 
Tooth Deformation Frequencies 
 
Studies examining dental abnormalities in sharks have found that they are quite 
rare (less than 1% of all teeth) (Becker et al., 2000; Johnson, 1987). Johnson (1987), for 
example, analyzed 51,400 isolated fossil shark teeth (from Orthacanthus texensis, 
Orthacanthus platypternus, Barbclabornia luedersensis, and Xenacanthus slaughteri), 
and reported that only 0.06% demonstrated some type of pathology. Becker et al. (2000) 
reported that among the 90,000 modern and fossil shark teeth they examined (200 
mandibles), only 12 (0.013%) demonstrated some type of deformity; among the 10,000 
fossil shark teeth that the same group examined (Squalicorax kaupi, Squalicorax 
pristodontus, Archaeolamna kopingensis, Scapanorhynchus texanus, Brachyrhizodus 
wichitaensis, and Paranomotodon sp.) only 0.09% (9 teeth) showed anomalies.  
Hubbell (1996) examined 123 white shark mandibles and found only 10 
specimens demonstrated anomalous teeth (the "entire animal" method yielded a 
frequency of 8.13%, the ―isolated teeth‖ method generated a percentage of 0.25%). 
Another study by Hubbell (1996) reported examining 13,151 fossil teeth of 
Carcharodon carcharias, with 0.25% showing deformities.  
Although we report here anomalies in only four species (Table 3), deformed 
teeth represented 0.75% of the total sample. That percentage is almost 12 times greater 
than that reported by Johnson (1987) (0.06%) who examined Xenacanthus teeth from 
the Permian period, and almost 8 times greater (0.09%) than that reported by Becker et 
al. (2000) for fossil teeth from the Upper Cretaceous period. The frequency of 
deformities closest to the 0.75% found here was 0.25%, reported by Hubbell (1996) 
among white sharks.  
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As such, the frequencies of dental deformities per species reported here are 
considerably greater than those of other studies. Becker et al. (2000) examined 6,727 
teeth from Squalicorax kaupi, and only 0.015% (1 tooth) demonstrated any deformity, 
while of the 652 teeth of Squalicorax pristodontus examined, only 0.15% (1 tooth) 
demonstrated an abnormality. Although researchers have generally shown that less than 
1% of the teeth of any species demonstrate deformities, of the 14 teeth of Squalicorax 
kaupi we examined here, 7.14% demonstrated some type of abnormality. That 
frequency was even higher in Squalicorax pristodontus, as of the 12 teeth identified for 
that species, 16.66% demonstrated some abnormality.  
The teeth of Squalicorax pristodontus studied here demonstrated a considerably 
higher frequency of abnormalities when compared to the 0.15% rate reported by Becker 
et al. (2000). Likewise, the abnormality frequency reported by those same authors in 
Squalicorax kaupi was 0.015%, well below that found in the present work. 
One factor influencing the unusually high percentage of abnormal teeth as 
compared to other studies is the reduced numbers of teeth reported here. While Becker 
et al. (2000) examined 7,379 teeth from Squalicorax kaupi and Squalicorax 
pristodontus, we examined a total of only 26 from those same two species. If our 
sample of Squalicorax teeth had been larger, the percentages would most likely have 
been more similar.  
The high percentages of anomalous teeth we found for Squalicorax kaupi, 
Serratolamna serrata, and Cretalamna appendiculata are similar to those obtained by 
Hubbell (1996) using the ―entire animal‖ methodology. As such, one possible 
hypothesis is that the fossil teeth we examined were derived from only a single original 
dental arch from each of those animals, backspace; that probability is heightened by the 
fact that, while those teeth were unattached, they were all collected within an area of no 
more than 2 m
2
. 
 
Causes of the Deformities  
 
Hubbell (1996) reported observing deformities in Carcharodon carcharias and 
Carcharodon megalodon teeth such as: curved teeth; divided teeth; an orifice in the 
center of the crown; and wrinkled and/or twisted teeth. Those abnormalities were 
apparently caused by a spine from a stingray provoking lesions in the gengival tissue. 
Those abnormalities were similar to some dental specimens encountered in the present 
study. 
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Figure 3 shows an abnormal Squalicorax kaupi tooth demonstrating an 
asymmetrical shape in the proximal portion and a deep basal concavity. Deformities in 
Squalicorax kaupi were reported by Becker et al. (2000), including a disconected distal 
notch. The deformities reported by Becker et al. (2000) appear to have resulted from 
behavioral patterns and dietary preferences for spiny prey that could cause damage to 
the tissues of developing teeth. 
Becker and Chamberlain (2012) described the lesions on Squalicorax kaupi and 
Squalicorax pristodontus teeth resulting from feeding on animals with hard 
exoskeletons that provoked breakage of the apices of the median teeth. Balbino & 
Antunes (2007) observed an inclined crown and other anomalies in Carcharocles 
megalodon, such as the absence of enamel near the root of a tooth and asymmetrical 
teeth. 
Figure 4 shows two teeth from Squalicorax pristodontus with dental deformities. 
Tooth LPUFS 5765 (Fig. 4A) shows an extra cusplet near the root. Bemis et al. (2015) 
observed similar anomalies in Carcharodon carcharias, such as the presence of serrated 
lateral cusps near the basal border of the central cusp (while that tooth normally shows a 
central cusp covered with serrations reaching the basal concavity). Lines of abnormal 
and supernumerary serrations, as well as serration lines forming a "Y" have been 
observed in Edestus and Carcharocles megalodon – malformations believed to have 
been caused by trauma from a hard object (Itano, 2013). The cause of the deformity 
reported by Itano (2013), i.e., trauma from a hard object, may likewise have caused the 
deformity seen on tooth LPUFS 5756 (Fig. 4A), a row of abnormal serrations. Similar 
types of dental abnormalities were reported by Balbino & Antunes (2007), who 
described a coalesced tooth in Squalicorax pristodontus that clearly had a single root 
but two crowns. The crowns had almost normal median cusps, except for a visible 
shortening of the distal portion; the line of serrations showed size irregularities. Those 
authors noted that the deformities may have been caused by biting hard objects. Another 
abnormality observed in Squalicorax pristodontus was a fold along the median edge 
(Becker et al., 2000).  
There have been no previous studies of dental deformities in the species 
Serratolamna serrata and Cretalamna appendiculata, but dental abnormalities similar 
to those reported here have been observed in other shark species.  
The teeth of Serratolamna serrata (Fig. 5) demonstrated abnormalities such as a single 
proximal lateral cusp (while a normal tooth has two or three pairs of lateral cusps), 
groves that normally mark cusp divisions were not formed, and the presence of 
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undefined cusps on the distal portion of the tooth and/or reduced cusps (Fig. 5A, B, C, 
D, E, F, I, J and L). Figure 5H shows a tooth without lateral cusps on the proximal 
portion. Figure 4B shows a Squalicorax pristodontus tooth with similar abnormalities; 
the apex of the crown near the root, and an abnormally small cusp near the root. 
Johnson (1987) noted the absence of intermediate cusps in Xenacanthus. Vuuren 
et al. (2015) described abnormalities in Carcharias taurus teeth such as reduced median 
and proximal cusps, smaller than normal crowns, poorly defined lateral cusps, and a 
median cusp with an inclined apex. The abnormalities reported by Lucifora & Menni 
(2001) for Carcharias taurus were similar to the deformities described here for 
Serratolamna serrata, including an inverted cusp similar to a polarity inversion (Fig. 
5G), a hook-shaped tooth identical to a curved cusp (Fig. 5C, F, I, J and L), lateral cusps 
absent, and small teeth similar to the poorly defined cusps on the distal portion and/or 
reduced cusps (Fig. 5 except Fig. 5G; Fig. 6B). 
Cusp inversion was observed in Triakissemi fasciata, Carcharhinus 
amblyrhynchos, Galeorhinus opterus, Notorhynchus maculatus, and Triaenodon obesus 
(Reif, 1980); although polarity inversion has been described in different species, that 
malformation is similar to the deformity encountered the present study with tooth 
LPUFS 5764 from Serratolamna serrata (Fig. 5G). Reif (1980) noted that polarity 
inversions are only visible after the fifth row of teeth, and they represent anomalies 
related to lesions of the dental tissue and/or wounds. Shimada (1997) described dental 
abnormalities in Cretoxyrhina mantelli such as a curved cusp, wrinkles and/or vertical 
folding of the labial portion of the crown region, and excessive dentine. Inclined and 
folded cusps, and twisted cusps and roots were observed in Carcharoides totusserratus; 
a twisted crown was also reported for Negaprion (Balbino & Antunes, 2007). Becker el 
al. (2000) reported a folded lingual cusp and teeth with abnormal root growths in 
Carcharhinus leucas, the absence of a lateral cusp and a compressed principal cusp in 
Archaeolamna kopingensis, and a cusp folded along the lingual face in 
Scapanorhynchus texanus – similar to the anomaly classes discussed in the present 
paper.  
The anomaly reported by Becker et al. (2000) in Paranomotodon sp., as a 
dislocation of the nutrition fissure and twisted cusp, was similar to that reported in the 
present study (a superficial and almost imperceptible nutrition fissure [Fig. 6B]). Figure 
6A shows reduced and/or undeveloped lateral cusps, deformities similar to those 
described by Vuuren et al. (2015) and Lucifora & Menni (2001) for Carcharias taurus 
teeth (poorly defined lateral cusps and reduced cusps). 
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Dental anomalies, including the presence of a cusplet, were described for the 
first time in Squalicorax pristodontus and, even though they are distinct species, the 
anomalies were similar to those seen in Carcharodon carcharias. 
Dental deformities in Serratolamna serrata and Cretalamna appendiculata are 
described here for the first time, although those types of abnormalities have previously 
observed been in other shark species.  
 
CONCLUSION 
 
The frequencies of dental deformities observed in the present work corroborated 
a study by Becker et al. (2000) that showed dental deformities generally represent less 
than 1% of any sample, so that dental abnormalities are reasonably rare in sharks. 
Deformity frequencies per species in the present work, however, yielded percentages 
greater than 1%. One possible explanation for that result is the relatively small sample 
size we considered. Another possible explanation is that our sampling may have 
examined only a single individual, as the anomaly frequency seen in Serratolamna 
serrata was similar to that observed with intact individuals (and different from 
calculations considering isolated teeth). That hypothesis, however, will need to be 
explicitly tested.  
In relation to the causes of those anomalies, studies of the teeth of modern sharks 
have reported anomalies essentially identical to those described here and mainly 
associated with lesions that resulted in damage to dental tissues.  
It was possible to identify numerous anomalous characteristics in the teeth analyzed in 
the present work, and the causes of those anomalies appeared to be related to the 
pathological effects of a durophagous diet. A detailed examination of the complete 
fossil fauna associated with the same outcrop (Calumbi 1) could sustain that hypothesis.  
As such, the present research provided a more detailed understanding of the 
Sergipe sedimentary sub-basin, information concerning anomalous dental 
characteristics, and the possible causes of those deformities in fossil shark teeth. 
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CAPÍTULO III – CONCLUSÃO 
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CONCLUSÃO 
 
Analisando a frequência de deformidades com base na amostra, esta pesquisa 
corrobora com o estudo realizado por Becker et al. (2000), que a frequência de dentes 
que apresentaram deformidades dentárias em uma determinada amostra representa 
menos de 1%, sendo consideradas anormalidades dentárias como componente raro em 
tubarões. Quando analisado a frequência de deformidades por espécie esta pesquisa 
apresenta percentual maior que 1%, a explicação para um percentual elevado esta no 
tamanho amostral analisado neste estudo. 
Com relação às causas das anomalias, estudos descrevendo dentes de tubarão 
existentes relatam anomalias como as descritas aqui. Esses estudos associam a 
ocorrência de anomalias com mutações genéticas, doenças no tecido embrionário, 
deficiências nutricionais ou lesões, que podem resultar em danos marcantes ao tecido 
dentário, levando a malformações dentárias.  
Nesta pesquisa os dentes analisados possibilitaram identificar caracteres 
anômalos, e que as causas das anomalias estão relacionadas a efeitos patológicos 
ocasionados por dieta durofagia, que ocasionaram danos na mandíbula prejudicando a 
formação de dentes normais. Diante disso, esta pesquisa é relevante para sub-bacia 
sedimentar de Sergipe, lançando um novo visual para o reconhecimento de caracteres 
anômalo e as possíveis causas dessas deformidades em dentes fósseis de tubarões. 
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